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FIGURE 2B 



P DC2: 

GTTAACTACGTCAGGTGGCACTTTT^ 

TGTATCCGCrCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGA^ 

CG TG T CG CCCTTATT CCCTTTTTTG CGG CATTTTG CCTTCCTGTTTTTG CT CACC CAG AAACGCTGG TG AAAGT AAAAG A 

TGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC^^ 

CCGAAGAACGTTCTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGG 

GAGCAACTCGGTCGCOSCATACACTATTCTCAGAATGACTTGGTTGACT 

TGGCATGACAGTAAGAGAATTATGC^GTGCTGCCATAACCATGAGTGATAAC^ 

TCGGAGG ACCG AAGG AG CT AACCGCTTTTTTG CACAACATGGGGGATCATGTAACTCG CCTTGATCG TTGGG AA CCGG AG 

CTGAATGAAGCCATACCAAACGACGAGCGTGACACC\CGATG^ 

TGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGAT^^ 

GCTCGGCCCTTCCGGCTGGCrGGTTTATTGCTGATAAATCTGGA^ 

CTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAG^ 

ACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTC 

ATTTACCC CGG TTG AT AATCAG AAAAG CCCCAAAAACAGGAAGATT^ 

TTTTGTTAAAATTCXSCG TTAAATTTTTGTTAAAT j 

AAATCAAAAGAATAGCCCX5AGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACT 

CAACGTC^lAAGGGCGAAAAACCX5TCTATCAGGGCX3ATC 

CGAGGTGCCGTAAAGCACTAAATCGGAACCCrAAAGGGAGCCCCCGATTTAGAGCT^ 

G AAAGG AAGGG AAGAAAGCGAAAGG AG CGGGCG CTAGGGCX3CTGGCAAGTC CG T AACCACCACA 

CCCGCCGCGCTTAATGCG CCGCTACAGGGCGCG TAAAAGG ATCTAGGTGAAGATCCTTTTTGAT AATCTCATG ACCAAAA 
T C C CTT AA CGTG AG TTTT CG TT C CA CTG AG CGT CAG ACCC CX5T AG AAAAG ATCAAAGG A T CTTCTTG AG A T CCTTTTTTT 
CTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCAC 
TCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGC^ 

acttcaagaactctgtagcaccx;cctacatacctcx;ctctgct 

tcgtgtcttaccgggttggactctvagactlatagttac^ 

actvgcccagcttggagcgaacx;acctacaccgaact 

aagggagaaaggcx^acaggtatccx^taagcx^cagggtcxsgaacaggag 

gccttcgtatctttatagtcctgtcgggtttcgccaccrctgact^ 

gagcctatggaaaaacgccagcaacgcggcctttttacc^ 

agttagctcactcattaggcaccccaggcittacactrc 

aolatttcacacaggaaacagctatgaccatgattactsccaagctacgta^ 

aatgtgctccrctttggcttgcrtccgcxkk5ccaagcca 

agcggcgcgccgaattcctgcaggattcgagggcccctgc^ggtcaattct 

cagtctggagcatgcgctttagcagccccgcrn^cacttggcgcta 

tccaccggtagcgccaaccggctcosttcttt^ 

ccccccgccccx5gagctcgcgtcgtgcaggacgtgacaaatggaag 

caccgctg ag caatgg aag cggg tagg cctttgggg cagcggccaat ag cag ctttg ct ccttcg ctttctggg ctcag a 

ggctgggaaggggtgggtccgggggcgggctcaggggcgggctc^ggggc^ 

ggcattctcx3cacx3cttcaaaagcgcacgtctgcrc 

caat atggg atcggcca1tg aacaagatgg attgcacgcaggttct ^ tgg ag agg ctattcgg ctatg 

actgggcacaacagacaatcggctgctctgatgccx3ccgtgttccggctc 

aagaccgacctgtccggtgccctgaatgaactgcaggacx5aggcagcgcgg(n*atcgtc 

ttccg cag ctgtgctcgacgttgtc^ctgaag cggg aaggg act 

tgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggcot 

acctgcccattcgacc^ccaagcxsaaacatcgcatcgagcgagcacgtactcgga 

tgatctggacgaagagcatc^ggggctcgcgcc^gccgaactgttcgcca^ 

atctcgtcgtgacccatggcgatgccix3cttgccgaatatcatggtggaaaatggccgct 

ggccggctgggtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagct^ 

gg ctgaccgcttcctcgtgctttacggtatcgccgctcccgattcgcagcg^ 

tcttctgaggggatcgatccgtcctgtaagtcrcc^gaaattgatx^atctattaaacaa 

aagtttttcctgtcatacrttgttaagaagggtgagaacagagtacctacattttgaatgg^ 

gtgggggtggggtgggattagataaatgccrcctctttactgaaggctcrtta 

ttggatatcataatttaaacaagcaaaacc^aattaagggccagct(^ 

tctctcgtgggatcattgtttttctcttgattcccactttgtggttc^ 

tagcctgaagaacgagatcagcagcctctgttccacatacacttcat^ 

cagaagctgactctagatctggatccggcc^gcraggccgtcgacctcgagtgatcaggtaccaaggtccrrcgctctgtg 
tccgttgag ctcgacgacacaggacaq? caaattaatt aa gg ccgg cccgtaccctctagtcaaggccttaagtgagtcg 
tattacggactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgc 
tccccctttcgccagctggcgtaatagcgaagaggcccx3caccgatcx3cccttcccaacagttgcx5cagc 
aatgg cg cttcg cttgg t aat aaagcc cgct t cgg cggg ctttttttt 




FIGURE 3A 
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P DG4: 

GTTTAATAGTAATCAATTACGGGGTCATTAGTTCA^ 

CCCGCCTGGCTGACCGCCCAACXIACCCCCGCCCATTGACGTCAATAATGACGTATGTT 
CTTTCCAATGACGTCAATGGGTGGAGTATTTACGGT 

ACGCCCCCTATTGACGTCAATGACGGAAAATGGCCCGCCTGGCATTAAGCCC^ 

TTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTC^ 

GGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGG^ 

TTTCCAAAATGTCX2TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTC 

AGCTGGTTTAGTGAACCGTCAGATCCGCrAGCGCTACCXXrrCGCCACCATGGTC 

GGTGGTGCCCATCCTGGTCXSAGCTGGACGGCGACGTAAACGGCCACAAGT^ 

CCACCTACGGCAAGCTGACCCTGAAGTTC^TCTGCACCACCGG 

CrrGACCTACGG05TGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACX3 

AGGCTACGTCC^GGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACC^ 

ACACCCTGGTGAACCG CATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACA^ CTGGAG T AC 

AACTACAACAGCCACAACGTCTATATCATGGCCX^CAAGCAGAAGAACXX? 

CATCGAGGACGGCAGCGTGCAGCTCGCOGACCACTACCAGCAGAA 

ACAACCACTACCTGAGGACCCAGTCGCCCCTGAGCAAAGACCCC^ 

GTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTCCGGACTCAGATC 

(^TAATCAGCCATACCACATITGTAGAGGTTTTA C ' n ' GC T T T AAAAAACCTCCCACACCTCCCCCTGAACCTG AAACATA 
AAATG AATG CAATTG TTGTTGTTAACTTGTTTATTGCAG CTT ATAATGGTTACAAATAAAG CAATAG CAT CACAAATTT C 
ACAAATAAAGC AT ' i ' T T IT TCACTGCATTCTAGTTGTGGTTTGTCCAAACrCATCAATC 
GGTGGCACTTTTCGGGGAAATtinXJCGCGGA^ 

G AGACAATAACC CTGATAAATG CTT CAATAATATTGAAAAAGGAAGAG TATGAG T ATT CAACATTT C CG TG TCG C C CTT A 
TTCC LTriTl ' l gareCATTTTGCCTTC C^ 

TTGGGTGCACGAGTGGGTTACATCGAACrcGATCTCAACAGCGGTAAGA^ 
TCCAATGATGAG(^CrTrTAAAGTTCrcCTATGTGGCX3CCWTATTATC 

G CCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCACT CATGACAGTA 

AGAGAATTATGCAGTGCnXjCCATAACCATGAGTGATAACACTGCGGC 

GGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCT^ 

TACCAAACGACGAGCGTGACACCACXIATGCCTGTAGC^^ 

ACTCTAGCTTCCCGGCAACAATTAATAGACTGGATG 

G G CTGG CTGG TTT ATTG CTG AT AAAT CTGGAG C CGG TGAG CG TGGG T CT CG CGG T AT CATTG CAG CA CTGGGG C CA G ATG 
<3TAAGCCCTCCCGTATCGTAGTTATCTO 

ATAGGTG CCTCACTG ATTAAG C^TTGGTAACTGTCAGACCAAGTTTACTCATATATACTTT AG ATTG ATTT ACCCCG 

GATAATCAGAAAAGCCCCAAAAAC^GGAAGATTGTATAAGCAAATATTTAAAT^ 

CG CGTTAAATTTITGTTAAATCAGCTCATTTTTTAACGAATAGGC 

AGCCCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTAT^ 

CGAAAAACCGTCTATCAGGGCGATGGCCCACTACSTGAACCAT 

AG CA CT AAAT CGG AA C C CT AAAGGGAGCCCC CGATTT AG AG CTTG A CGGGG AAAG CG AA CG TGG CG AG AAAGG AAGGG AA 

GAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACCCrc 

ATGCGCCGCTAC^GGGCGCGTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCA 

GTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCrrrCTTGAGATC 

GGTGCTTGOWVCAAAAAAACC^CCGCrACCAGCGGTGG 

GTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCOG 
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCG 
GGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACC^^ 
GAGCX3AACGACCTACACCGAACTGAGATACCTACAGCX; 

GGACAGGTATCCXX5TAAGCGGCAGGGTCXX1AACAGGAGAGCGCACGAGGGAGCTTCCA 
ATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATC 

AACG CCAG CAACG CGG CCTTTTT ACGGTTCCITK5CCTTTTG CTGGCCT^ TGAG TT AG CTCACTC 

ATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGG 

GGAAACAGCTATGACCATGATTACXJCCAAGCTACGTAATACGACTCACrAGGCGGC 

TTGGCTTGCTTCCGCGGGCCAAGCCAGACAAGAACCAGTTGAC^ 
ATTCCHXSCAGGATTCGAGGGCCCCTGCAGGTC^TTCTACCGGGTAGGGGAGGCG 
GCXSCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCT 
CC^COK3CTCCGTTCTTTCK3TGGCCCCrrCGCGCCACCTTCTACT 

AGCT CG CGTCGTG CAGG ACGTG ACAAATGGAAGTAGCACGTCTCACTAGTCT CGTG CAG ATGG ACAG CACCG CTG AG CAA 

TGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCT^ 

TGGGTCCGGGGGCGGGCTCAGGGGCX5GGCTCAGGGGCGGGGCGGGCGCGAA 

GCTTCAAAAGOSCACGTCTGCCGCGCTGTTCTCCTCrTCCTCATCTC 

GCCATTGAACAAG ATGG ATTG CACGCAGGTTCTCCGGCCGCTTGGG TGG AGAGGCT^ 

G A CAAT CGG CTGCTCTG ATC CCGCCGTG TTCCGG CTGTCAG CGCAGGGG CG C C CGG TTCTTTTTG T CAAG AC CG A GGTGT 

CCGGTGCCCTGAATGAACTGGAGGACGAGGC*Gtt;CX^ 

CTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATT 



TGCTCCTGCCGAGAAAGTATCCATCATOTCTGATC 

ACCACCAAGCGAAACATCX3CATCGAGCGAGCACGTACTCG 

GAGCATCAGGGGCTCGCX3CCAGCCGAACTGTT^ 

O^TGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCOT 

TGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCT^ 

CTCXSTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCG 

T CG A T C CG T CCTG T AAG T CTG CAGAAATTG ATGAT CTATTAAACAAT AAAGATGTCCACT AAAATGG AAG TT TTT C CTG T 

CATACTTTGTTAAG&AGGGTGAGAACAGAGTACCTACATTTT^ 

GGGATTAGATAAATGCCTGCTCTTTACTGAAGGCTCTTTACTATT G CT1 ,| 1 

TTTAAACAAGCAAAACCAAATTAAGGG CC^GCTCATTCCTCCCACTCAtXAATCTATAGATCTATAGATCTCTCG TGGG AT 

CATTGTTTTTCTCTTGATTCCCACTTTGTGGTl^ 

GAGATCAGCAGCCTCTGTTCCACATACACTTCATTCT 

TAGATCTGG ATCCGGCCAGCTAGGCCG TCGACCTCGAGTGATCAGGTACCAAGGTCCT 

ACGACACAGGACACGCAAATTAATTAAGGCCGGCCCGTACCCTCTAGTCAAGGC^ 

CCX5TCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTA 

AG CTGG CGTAATAGCGAAGAGGCCCG CACCGATCG CCCTTCCCAACAGTTGCGCAGCCrcAATGGCGAATGG CG CTT CG C 
TTGGTAATAAAGCCCGCTTCGGCGGG C I I I I Vl ' lT 



FIGURE 3B (Continutcd) 
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FIGURE 6 
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FIGURE 7 



Annealing Annealing 
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5' 



Annealing Annealing 
site 3 site 4 



Flanking 
DNA 



ne<r 



3' 

Flanking 
DNA 



GFP negative 
screening marker 



pDG4 Vector 



A. 



# 



TCCCCACATTGCAAAGCCTACACAAAGATCCCTACCACTGAGCACCGAGGGAGGCATGGCTCAGAACCCC 

AGCAACATGGAGCCCTTGCGTAAACCACTGGTGCCTGTGAAGGGAATCCCACTCATCAAATACTTTGCGG 

AGACAATGGAGCAACTGCAGAACTTCACAGCCTGGCCTGATGATGTGCTCATCAGCACGTACCCAAAGTC 

TGGTACTAACTGGATGAGTGAGATCATGGATATGATCTATCAGGGTGGCAAGCTAGATAAGTGTGGCCGG 

GCCCCCGTCTATGCCCGGATACCCTTCCTTGAGTTCAGCTGCCCAGGGGTCCCCCCAGGTCTTGAAACTC 

TGAAAGAGACACCAGCCCCACGGATCATTAAGACACATCTGCCCTTGTCCTTACTCCCTCAGAGTCTGCT 

GGATCAAAAGATCAAGGTGATCTACGTTGCCCGAAATGCAAAGGATGTGGTTGTCTCCTATTATAACTTC 

TACAAAATGGCCAAGCTGCACCCTGACCCAGGCACCTGGGAAAGCTTCTTGGAGAACTTCATGGATGGGA 

AAGTGTCCTATGGGTCGTGGTACCAGCACGTGAAGGAGTGGTGGGAGCTGAGACGCACTCACCCTGTTCT 

CTATCTCTTCTATGAAGACATGAAGGAGAATCCCAAAAGGGAGATCAAGAAGATTCTAGAGTTTCTGGGG 

CGCTCTCTACCTGAGGAGACTGTGGATTTAATTGTTCACCACACATCCTTCAAGAAAATGAAGGAGAACC 

CCATGGCTAACTACACAACCATCCCAACTGAAGTTATGGACCACACTATTTATCCCTTCATGAGGAAAGG 

TACCATTGGGGACTGGAAAAATACCTTCACTGTAGCCCAGAGTGAGCACTTTGATGCCCACTATGCCAAG 

CTAATGACAGGTTGTGACTTCACGTTCCGCTGTCAAATATGAATTGTGGATATGGCTATACTGGGAACCA 

AGGCAAGCTGACACATCCCCATCATGATCTCAAGAGAAAAATGTGATGTGTTCATATTTGTTGTATGCCT 

AAAGGAAATCTGAGCTAAGAGAATAGGACTGGGATGTAGCTGAGGCAGAGGGTCTTATGAACATGTCAGG 

AAAGCCATCAGTCCTAACACTGAAAAAGAACCTAAAGTACAAACATGCAAAAATAGTAAGATAAACTGTA 
TTTTACCTGAACAAATAAATGCCACTGGGAGCTGACTGG 

(SEQ ID NO: 19 ) 



Targeting Vector (5 f arm: 200 bp flanking neo insert): 



© 

m 




V 



(SEQIDNO: 20) 

Targeting Vector (3 1 arm; 200 bp flanking neo insert): 




FIG. 8 



